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INTRODUCTION 


Rocketsonde  atmospheric  data  for  the  25-65  km  levels  at  White 
Sands  Missile  Range  (WSMR) , New  Mexico  over  the  period  1961-1975  is 
the  basis  of  two  sections  - Data  and  Modeling.  The  purpose  of  this 
report  is  to  provide  the  upper  portion  of  a complete  atmospheric 
structure  and  a data  base  for  projects  such  as  balloon  systems,  rock- 
et systems,  lifting  re-entry  vehicles,  missile  detection  system  and 
high  energy  lasers. 

Section  I is  data  by  month  for  the  years  1961-1975.  Standard 
Deviations  are  included  by  month  for  the  years  1969-1975  extracted 
from  "High  Altitude  Meteorological  Data”  reports  (Reference  12) . 

The  extreme  Standard  Deviations  for  25  and  26  km  December  1969-1975 
N-S,  E-W  winds  do  not  follow  the  monthly  or  height  trend  20  km  to  30 
km,  so  these  four  values  are  suspect. 

Modeling  in  Section  11  is  presented  with  emphasis  on  E-W  wind 
component  and  the  changeover  cycle.  A few  cases  of  actual  change- 
overs  are  presented  for  comparison  with  the  model. 

Rockets  launched  at  Small  Missile  Range  (SMR) , provide  a period 
of  record  of  1961-1975  with  accuracies  of  Instrumentation  and  the  re- 
sulting data  as  stated  In  reference  9.  SMR  is  located  In  the  southern 
portion  of  WSMR  (Figure  1) . 

SMR  physical  data  = a.  latitude  32*  28'  N 

b.  longitude  106*  25'  W 

c.  elevation  1,219  m MSL* 

*MSL  is  measured  above  sea  level. 
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FIGURE  1.  MAP  OF  METEOROLOGICAL  SITES  AT  WSMR 


1 

RYPTJmATION  OF  TEMK 
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1.  WIND  COMPONENTS  I 

Average  zonal  and  meridional  components  for  the  month  are  calculated.  I 

A wind  from  the  south  or  west  Is  designated  by  a positive  value,  while  1 

a wind  from  the  north  or  east  Is  designated  by  a negative  value.  A 

zonal  wind  Is  from  the  east  or  west,  a meridional  from  the  north  or 
south. 

2.  WIND  GUSTS 

Wind  gusts  are  characterized  by  sudden.  Intermittent  Increases  In  | 

speed,  with  at  least  five  meters  per  second  variation  between  peaks  ] 

I 

and  lulls.  The  average  time  Interval  between  peaks  and  lulls  usually  j 

should  not  exceed  20  seconds.  | 

3.  TEMPERATURE 

Average  temperatures  for  the  month  for  the  given  altitude  are  In  | 

degrees  Celsius.  | 

4.  PRESSURE  I 

Average  pressures  for  the  month  for  the  given  altitudes  are  In  millibars. 

5.  DENSITY 

Average  densities  for  the  month  for  the  given  altitude  are  In  grams 
per  cubic  meter. 


SECTim  I PART  1 


Bocketsonde  data  by  aonth  at  WSMR  is  averaged  1961-1975  with  stand- 
ard deviations  given  for  1969-1975  portion  In  Tables  1-12. 

Note  that  the  nuaerlcal  values  for  the  standard  deviations  for  tem- 
peratures, E-U,  N-S  Wind  Components  are  larger  in  the  winter  (January 
and  December)  cohered  to  summer  (July  and  August) . This  may  be  attri- 
buted to  the  wintertime  long  and  short  term  reversals  which  can  cause 
considerable  fluctuations  In  the  temperature  and  wind  fields.  Long  term 
reversals  may  be  related  to  sudden  warming  episodes  more  prominent  In 
the  higher  latitudes. 
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TABLE  5 


1961  - 1975  JUNE  1969  - 1975 

ROCKET-  MEAN  WIND  TOTAL  MEAN  TOTAL  MEAN  TOTAL  MEAN  TOTAL  WIND  STD  TEMP  STD  PRESS  DENS 

SONDE  COMPS  MPS  OBSNS  TEMP  OBSNS  PRESS  OBSNS  DENSITY  OBSNS  DEV.  DEV.  STD  STD 

S-N  W-E  deg  C mbs  G/CU  M S-N  W-E  DEV.  DEV. 
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TABLE  6 


1961  - 1975  JULY  1969  - 1975 

ROCKET-  MEAN  WIND  TOTAL  MEAN  TOTAL  MEAN  TOTAL  MEAN  TOTAL  WIND  STD  TEMP  STD  PRESS  DENS 

SONDE  COMPS  MPS  OBSNS  TEMP  OBSNS  PRESS  OBSNS  DENSITY  OBSNS  DEV.  DEV.  STD  STD 

S-N  W-E  DEG  C MBS  G/CU  M S-N  W-E  DEV.  DEV. 
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TABLE  7 


1961  - 1975  august  1969  - 1975 

ROCKET-  MEAN  WIND  TOTAL  MEAN  TOTAL  MEAN  TOTAL  MEAN  TOTAL  WIND  STD  TEMP  STD  PRESS  DENS 

SONDE  COMPS  MPS  OBSNS  TEMP  OBSNS  PRESS  OBSNS  DENSITY  OBSNS  DEV.  DEV.  STD  STD 

S-N  W-E  DEG  C MBS  G/CU  M 8-N  W-E  DEV.  DEV. 
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Vertical  profiles  of  Mean  Tenperatures  and  Mean  E-H  Coaponent  Winds 


at  WSMR  by  the  month  for  1961  to  1975  are  shovn  In  Figures  2 through  25. 
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iotal  hoc 


0 200 
EOH  SAhPl 


0 200 
EOH  SAHPl 


U 200 


■ 

0 

EOM 

200 

SAMPl 

*5  n n 

0 

IDTAL 

n 

Kill 

U 

EOM 

^UQ 

SAMPl 

U 

idTal 

Moi 

0 

EOft 

200 

SAMPl 

0 

IDTAL 

I 

0 

200 

0 

1 

EOM 

SAMPl 

IDTAL 

MOd 

0 

200 

0 

1 

EOM 

samPl 

IDTAL 

wm 

0 

200 

0 

■ 

■ 

EOfl 

SAMPl 

IDTAL 

1 

0 

200 

0 

EOM  SAMPl  IDIAL  HOi 


IDTAl  noI 


IDTAL  MOi 


A 


w 


♦ ) 


!♦» 

) 


i 


LASTPOINT 
00077 1 736K 

000006 1 1 ha 

dOOOH21 J3E 
H061H1306T 
LASTPOINT 
U01027016K 
U002SHHH  7A 
0000-3667  jL 
H06|HI306T 
LASTPOj  NT 
0002612H7R 
0002H 1 066A 

O000‘>30  1 3e 

H06IH1306T 
LASTPOINT 
■S703K 


EOM  SAMPL 


0 

EOli 


0 

EOM 


O 

EOM 


0 

EOM 


200 

SAMPL 


200 

SAMPl 


200 

SAMPl 


200 

SAMPl 


SEO  NUMbEK  bHUl 
IOTAL  MODTL  MOOE  SUBCH 


0 0 00  0 
IDTAL  MODTL  MODE  SUBCH 


0 O 00  3 

IDTAl  MODTl  mode  SUBCh 


0 0 00  H 

IDTAL  MOOTL  MODE  SUOCH 


0 0 00  S 

IDTAL  MODTL  MOOE  SUBCH 


I 

i 

!♦) 

I 

9 

I 

L 

> 

I 

I 

» 

k 

) 

!♦» 

I 

k 

i 

I 

!♦  » 
I 
1 
I 

i 

I 

i 

1 

} 


0 

EOM 


0 

tort 


0 

EOM 


0 

EOM 


0 

eoh 


200 

SAMPl 


200 

SAMPl 


200 

SAMPl 


200 

SAMPl 


200 

SAMPl 


200 


0 

1 OT  AL 

0 

M rk  1 k T t 

00 

111  i k cr 

6 

C i 1 U ^ 

PI  U U 1 L 

H U U t 

buocn 

ri 

lift 

7 

SUBCH 

U 

IDTAL 

U 

mod  TL 

UU 

MODE 

0 

1 rk  T A 1 

0 

MODTL 

US 

M n 1 k c 

9 

C 1 1 U 1-1 

i U ( M U 

n u u u 

n 

Q 

im 

1 n 

IDTAl 

MODTl 

w 9 

MODE 

1 w 

SUBCH 

0 

IDTAL 

0 

MOOTL 

US 

MODE 

1*4 

SUBCH 

fi 

0 

00 

u 

t 9 

s 

3+)  LASTPOiNT 

0 U0tl3222bK 

a U00023UUSA 

0 UOQObUHlbE 

0 ^0616*17261 

3^)  LASTPOINT 

0 U01l7b0‘<3K 

0 00023‘*b00A 

0 UOOO'ISOHIE 

0 M0616M726T 

3*)  LASTPOINT 


itU  i S !:  i£-44li4j  ai  a 


- ! ro  i -j  ! 

■ M ^ ! ! .1  . V,  f.r 

J j|)(,;‘! 

tj ; ' i: ■) '-I I ! M s ti !■ 

‘ 1 -'i  M / / (t  t 

I A '.  ! P ;,)  ! N ! 

U'>  ; I / PH  M iU 
! M ! U i'  . ' ‘f  t)  U U A 

I L 

')  s:.  p ! A H y 6 r 
L A S T I'  0 I N r 
i;  I • r ! j 2 j I I /H 
0 u U ^ I 6 P 6 J A 
U 0 {j  i J A J 7 u J t; 

U M 6 M 7 2 6 T 
u A S T P 0 I N T 
' 2Ub  J I 6K 
I I b b 6 b A 
J b 2 U I It 
I 6M726T 

r P 0 I N I 

> J H H 6 U K 
I I H ll  JA 
)H6 ;M6t 
I 6H  / 26  T 
'PO  I NT 
; b I b 6 I K 
, M 7b  I UA 
iHb  I 3bt 
iH  726T 
■point 
■ 7 3b  I 3R 
OMbUH A 
iM632^t 
6‘<  7 26  T 

point 

7 6622R 
3 2 3 U I 0 A 

^ M'r//6t 

6M726T 
L.  „ .j  f P 0 I N T 
U 0 I I 6 0 b b 6 M 
DUO ! 2 7 I 06  A 
UOUO'tb  J3  I t 
'Hi  6 I 6 M 7 2 6 T 
L A b T P 0 I N 1 
0 U ! 0 U L)  6 2 1 K 
UUO 1 I b7  23  A 
(J0C)iJ‘<b36  1 t 
*(  0 <'>  I 6 M 7 2 6 T 


tUH  b A 


U 2 U U 
f . OP  ‘J  A M P 1. 


U 200 
tOP  SAMPl 


0 2UtJ 
£ 0 fi  b A M P L 


0 200 
EOM  SAMPl 


U 200 

£01=1  SAMPl 


0 2UU 
EOM  SAMPl 


U 200 
tOM  SAMPl 


U 200 
EOM  SAMPl 


U 200 
EOfi  samPl 


U 2 00 


bt'i  OUMOl  W 
1()1AI„  MO  OIL  Moot 


0 0 00 
IDTAL  MUOTL  Moot 


0 0 00 
lOTAL  MOOTL  MOOE 


0 0 00 
IOTAl  MOOTl  MOOE 


0 0 00 
IOTaL  MOOTL  MOOE 


U 0 00 

IOTAL  MOOTL  Moot 


0 0 00 
IDTAL  MOOTl  mode 


0 0 Ob 

IOTAL  MOOTL  MOOE 


0 0 Ob 

IOTAL  MOOTL  MOOE 


0 0 0b 

IOTAl  MOOIl  MOOE 


0 0 UU 


AU  I 
bO)K.H 


U 

SOBCH 


3 

SOBCH 


<4 

SOBCH 


b 

SOBCM 


6 

SOBCH 


7 

SOBCH 


V 

SOBCH 


10 

SOflCH 


I '■! 


1 b 


•••second  diffekence  table  fon 

3 radars 

R1 1 J 01 

( M-6  ) 

( 7 - V ) 

( lO-IZ) 

( 1 3*  ) 

LASTROI NT 

EOM 

sampl 

idtal 

RANOE 

0 

0 

0 

'0 

U0l0l63‘tlK 

AZMTH 

0 

0 

u 

0 

U0002S267A 

ELV  AL 

0 

0 

it 

0 

UuuO<3fc  1 7 It 

T I ME 

0 

0 

0 

0 

*1 1 1 230b‘«‘<T 

0 

200 

0 

R 1 1 M 02 

( ‘♦-6  ) 

( 7-V  ) 

I 10-12) 

1 1 3+  ) 

LASTPOINT 

EOM 

SAMPl 

idtal 

range 

0 

0 

0 

“o 

00031 26bHR 

A2M  I H 

0 

0 

u 

u 

00003 1 32bA 

elval 

0 

0 

0 

0 

00001 b37bE 

TIME 

0 

0 

0 

0 

H 1 1 230b‘)‘»T 

0 

200 

0 ■ 

K3V3  b7 

( ‘♦-6  ) 

( 7-V  ) 

t 10-12) 

( 1 3-t- ) 

LASTPOINT 

EOM 

samPl 

IDTAL 

RANGE 

0 

0 

u 

0 

0003‘)bH72R 

AZMI  H 

0 

0 

0 

0 

0000‘<2662A 

elval 

0 

0 

0 

0 

OOOQl 7627E 

TIME 

0 

0 

0 

0 

Ml l230bHHT 

0 

200 

0 

••missing 

frames  » 

0 

■Bcr'-fa 


h 

I 

t 


t 

h 


lastpoint 
00 lo I 6 i K 
U0002b267A 
0000321 7 It 
'll  l230bH‘»T 
L AbTPO I Nt 
0003i26b^K 
000031 32bA 
0000lb37bt 
Ml  l230b‘l*tT 
LASTPOINT 
0003‘lb‘»72R 
0000H2662A 
OOOoi 7627E 

HI l230bHHT 


Stg  NUMUtK  7201 
EOM  SAMPL  IDTAL  MOOTL  MODE  SObCH 


0 200  0 0 00  1 

EOM  SAMPL  IOTAL  MOOTL  MOOE  SOBCH 


0 200  0 0 00  2 

EOM  sAMPl  IDTAL  MOOTL  MOOE  SOBCH 


0 200  0 0 00  lb 


•••StCONO  difference  table  for 


R > I ^ 00 

RANGE 
AZMTH 
EL  VAL 
r 1 ME 

Ri22  03 

range 

A2MTH 
ELV  AL 
T 1 ME 

R123  0*4 

RANGE 
AZMTH 
ELVAL 
T I ME 

R12‘4  05 

RANGE 
A2MTH 
EL  VAL 
T 1 ME 

R12b  06 

RANGE 
AZMTH 
ELVAL 
T I ME 

R127  07 

Range 

azmth 

elval 

T 1 ME 

r36H  60 

RANGE 
AZMTH 

elval 

T 1 ME 

R3V‘»  20 

RANGE 
AZMTH 

elval 

T IME 

R3V5  *46 

RANGE 
AZmTH 
ELVAL 
T I ME 

R3V3  57 

range 

AZMTH 
ELVAL 
T I ME 

••missing 


( *4-6  ) 
0 
0 
0 
0 

( *4-6  ) 
0 
0 
0 
0 

( H-6  ) 
2 
0 
0 
0 

( *4-6) 
0 
0 
0 
3 

( *4-6  ) 
0 
0 
0 
3 

( *4-6  ) 
2 
0 
0 
0 

( *4-6  I 
3 
0 
O 
0 

( *4-6  ) 
0 
0 
0 
0 

( *4-6  ) 
0 
0 
0 
0 

( *4-6) 
0 
3 
0 
0 

erames  * 


( 7-V  ) 
0 
0 
0 
0 

( 7-y ) 
0 
u 

3 

0 

( 7-V  ) 
0 ■ 

0 

0 

0 

( 7-V  ) 


0 

( 7-V  ) 
0 
0 
0 
0 

( 7- V ) 
0 
0 
0 
0 

( 7-V  ) 
0 
0 
0 
0 

( 7-V  I 
0 
0 
0 
0 

( 7-V  ) 
0 
0 
0 
0 

< 7-V  ) 
0 
0 
0 


1 0 
4 10- 
0 
0 
0 
0 

( 10- 
0 
0 
0 
0 

( 10- 
0 
0 
0 
0 

( 10- 


0 

( 10- 
o 
0 
0 
0 

( 10- 
0 
0 
0 
0 

( 10- 
0 
0 
0 


0 

0 

0 

( 10- 
o 
0 
6 
0 

4 10- 


radaRS 

I 2 » 4 1 3^  ) 

0 
0 
0 
0 

12)  413+) 

'0 

0 

0 

0 

12)  4 13^) 

' 0 
0 
0 
0 

12)  4 1 3+  • 

'o 

0 

0 

0 

12)  4131 

0 
0 
0 
0 

12)  4 13'' 

‘O 

0 

0 

0 

12)  4131 

0 
0 
0 
0 

12)  4131 

0 

0 

0 

0 

12)  4 1 3>  ) 


0 

0 

4 1 3^  ) 

0 

0 

0 

0 


LA5TP0 1 NT 
00223*4 ‘)06K 
OOU 1 37  1 57  A 
0001 167H6E 
*4063i>2066T 
LASTPOINT 
0023*4  1 2*43r 
000075300A 
OOO 1 1 1 653E 
^063b2a66T 
LASTFOINT 
0006361  •46R 
0000*42200a 
0001H6515E 
*4063b2066r 
■ ‘STpOINT 
»362‘46*4R 
1231321  A 
1126021E 
>3b2066T 
iTPO I NT 
'‘♦362‘43k 
1227276A 
) 1 1 6636E 
>352U66T 
>TPO 1 nT 
132  1 0*4 1 K 
131  32‘47a 
11 12261E 
>3b2066T 
.TFOINT 
'53220HR 
12U6355A 
1120060E 
>3b2066  T 
jTPOINI 
, 7‘47*4H6R 
12*4265  1 A 
)|  1 *465  1 E 
iu63b2ij66T 
LASTPOINT 
00231 00 1 7R 
0002b2765A 
000 1 1 2760E 
*l063b2066  T 
LASTpolNT 
00  1 7i>3755R 
000230552A 
00012137‘4E 
‘4063b2066T 


EOM  SAMpl  IOTAL 


0 200 
EOfl  SAMPl 


0 200 
EOM  SAMPl 


0 200 
EOM  SAMPL 


0 200 
EOM  SAMPl 


0 200 
EOM  SAMPL 


0 200 
EOM  sAMPl 


0 200 
EOM  SaHPl 


0 200 
EOM  SAMPl 


0 200 
EOM  SAMpl 


0 200 


0 

iotal 


0 

IDTAt 


0 

IDTAL 


0 

IDTAL 


0 

IDTAL 


0 

IDTaL 


0 - 
IOTAL 


0 

iotal 


KdraOiOUd  ION  00 


LASTPOINT 
0022i‘t‘t06K 
UOU1371S7A 
OOOl I 67H6E 
‘«063b2066T 
LASTPOINT 
0023*4 1 2*43k 
60O07b300A 
OOOl  1 16S3E 
^063b2066T 
LASTPOINT 
0006361  ‘I6N 

0000‘«2200a 
6001‘46SlbE 
*4063b2066T 
‘ ‘STPOINT 
>362‘46MR 
)23132i a 
)12602IE 
>3S2a66T 
iTPO  I NT 
IH362H3K 
J227276A 
)1  1 6636E 
>3b206&T 
iTPO 1 Nt 
132  1 0*4  i H 
)3l  32H7A 
II  i2261£ 
>3b2066T 
.TPOINT 
'b3220*4R 
;2U63bbA 
)|20060E 
>3b2066T 
>TPOI NT 
I 7 *4  7*1*1 6R 
)2*426bl  A 
)1  i*46bl£. 
-1063^20667 
LASTPOINT 
00231 00 1 7R 
0002i>276bA 
000  I 1 2760E 
*4063b2066T 
LASTPOINT 

00  1 7b37bbR 
d00230bb2A 

0001  2 1 37*4E 
*i063S2066T 


EOM  SAMPL 


0 200 
EOrt  SAMPl 


0 200 
EOli  SAMPl 


0 200 
EOM  SAMpL 


0 200 
EOM  SAMPl 


0 200 
EOM  SAMPL 


0 200 
EOM  SAMPl 


0 200 
EOM  SaMPl 


0 200 
EOM  SAMPl 


0 200 
EOM  SAMPL 


0 200 


SEO  NUMbEP  6801 

idtal  mootl  Mode  sobch 


0 0 00  0 
idtal  mootl  mode  sobch 


0 0 00  3 

iotal  mootl  mode  sobch 


0 0 00  *4 

idtal  mootl  mode  sobch 


0 U 00  b 

idtal  mootl  mode  sobch 


0 0 00  6 
idtal  mootl  mode  sobch 


0 0 00  7 

idtal  mootl  mode  sobch 


0 0 Ob  V 

IdTaL  mootl  MOuE  SObCH 


0 O Ob  10 

idtal  mootl  mode  sobch 


0 0 Ob  l*« 

idtal  mootl  Mode  sobch 


0 0 00  lb 


1 


•••second  difference  table  for 

3 RAqARS 

«IIJ  Ol 

( H-6  » 

( 7-y ) 

( 10-1 2 » 

( 1 3^  ) 

LASTPOINT 

range 

0 

u 

0 

0 

O013UHU00R 

a/mth 

0 

u 

0 

0 

Ua00blS70A 

Ft  ki  A 1 

n 

f 1 

i) 

n 

tl  V A w 

u 

U 

%J 

WUWU*«^  / aJ 

T I ME 

0 

u 

0 

0 

M 1 1 2SR 1 6HT 

RUM  02 

( H-6  ) 

I 7-V  » 

( lO-U) 

( 1 3>  ) 

LaSTPO I Nt 

RANGE 

a 

0 

0 

‘0 

000<<2032b({ 

A2flTH 

0 

0 

0 

0 

UU00H22UaA 

ELVAL 

0 

0 

0 

0 

00U022  1 <<SE 

T 1 ME 

Q 

0 

u 

0 

**  1 1 2b‘t  1 6HT 

R3V3  b7 

( M-6  ) 

( 7-y ) 

( 10-lZ j 

(13+) 

LASTPOINT 

RANGE 

0 

0 

u 

'o 

000‘4673blR 

AZmTH 

0 

u 

0 

0 

C1000b7  1 7bA 

ELVAL 

0 

u 

u 

u 

0000^bb3bE 

T 1 ME 

0 

0 

u 

0 

H 1 i 2bH 1 6HT 

••MISSING 

frames  = 

0 

CL-r.'^:£;:ij 

f'‘  »> 

c:.^  ..ja< 


gj;3STr<{n 


Sttt 

EOM  saMPl  IDTAL  MODI 


U 2U0  U d 

EOM  SaMPL  IdTaL  MOi| 


0 200  0 
EOM  SAMPl  IDTAL  MOfl| 


U 200  0 


iiAimoamiu  lOM  lUL 


( 

' Sty  NUMbtK  7HUI 

♦)  LASTPOINT  EOH  SAMPU  IDTAL  MODTL  MODE  SUBCH 

00130H000R 
U00QSlb70A 
i-  UOOOH3731E 

0 2U0  a u uu  1 

♦ ) LaSTPOINI  EOM  SaMPL  IdTaL  HOIJTL  MOoE  SUbcH 

000h2032S^ 
r 0U00H2200A 

00U0221RSE 

t-  0 200  0 O—  00  2 

♦)  LASTPOINT  EOH  SAMPl  IDTAL  MOOTL  MOUE  SUBCH 

a00H673SlR 
OOOOi>717SA 
6oOo2SS3SE 

\ Mli2!3‘4164T  0 200  0 0 00  lb 

f..  - - 


f 

# 

i 


0 


• ••StCONO  UIFI-ERENCE  TAbEt  FOR  3 RADARS  SEQ 


R 1 1 3 01 

« H-6  J 

I ) 

(10-12) 

( 1 3*  ) 

LASTROINT 

EOM 

SAMPl 

1 dial 

range 

0 

0 

u 

0 

UOlb/lRHlR 

azmth 

0 

0 

0 

0 

U000/b7 1 6A 

elval 

0 

0 

0 

0 

U000bb30bE 

T 1 ME 

0 

u 

0 

0 

^ 1 1 2/760‘(T 

0 

200 

0 

R 1 1 R 02 

I H-G  ) 

( 7-y ) 

(10-12) 

( 1 ) 

LASyPOlNf 

EOM 

SAMPl 

IDjAL 

range 

0 

0 

0 

*0 

OOUb2b77UR 

azmth 

0 

0 

0 

0 

U0UUi>3U3HA 

elval 

0 

0 

0 

0 

UU0026‘42bE 

T I ME 

0 

0 

0 

0 

H 1 1 2/ 760HT 

0 

200 

u 

R3V3  b7 

( H-6  ) 

( 7-y ) 

( 10-12) 

( 1 3>  ) 

LASTPO I Nt 

EOrt 

SAMPl 

IDIAL 

RANGE 

0 

0 

0 

0 

0006 1 1 2b3K 

A2MTH 

0 

0 

0 

0 

(j0a073b2HA 

ELVAL 

0 

0 

u 

0 

U00033b6UE 

T IME 

0 

u 

0 

0 

Si 12^760St 

0 

200 

0 

••MISSING 

FRAMES  = 

0 

LASTPOINT 
Oaib/IHMIR 
U0007b7  1 6A 
U000bS30bE 
S 1 1 2/760MT 
LASrPOINf 
00Ub2b770R 
U0dUbJ03HA 
U00Q26M2bE 
^ I I 27  760HT 
lastPoi nT 
U0U61 12bJK 
U00073b2HA 
UOOOJib6UE 
1 J 27760^T 


EOM  SAMPl 


U 200 
EOli  SAMPl 


O 200 
EOrt  SAMPl 


0 200 


( 

SEO  NUHUEN 

iotal  mootl  mode 


0 U 00 

IOt*L  mootl  mooe 


0 0 00 
IDIAL  MOOTL  MODE 


0 U 00 


7601 

SObCH 


1 

SoOCH 


2 

SOBCH 


1 b 


r 


•••SECOND  UIEELKENCE  TABLE  FOK 


J KAOAKS 


K 1 1 i 


U1 


kange 

A/MTH 
ELV  AL 
T 1 ME 


R 1 I H 


02 


range 
A/MTH 
ELVAL 
T I ME 


R3V  J 


b7 


RANGE 
A 2 M T H 
ELVAL 
T I ME 

••MISSING 


( M-6  ) 
0 
0 
0 
0 

( **-6  ) 
0 
0 
0 
0 

< ‘<-6  ) 
0 
0 
0 
0 

frames  a 


(/-VI 

0 

u 

u 

u 

( 7-V  » 
0 
u 
u 
0 

(/-VI 

0 

0 

0 

u 

u 


(10-12) 

u 

0 

0 

0 

(10-12) 

0 

(} 

() 

0 

(10-12) 

0 

(j 

□ 

0 


( 1 3^  ) 

0 

0 

u 

□ 

(13+) 

0 

0 

0 

u 

( 1 3*  ) 

0 

0 

0 

0 


L astro  I NT 
U020b707MR 
U0Ul222bi A 
U0U067036E 
^ 1 1 32322*17 
LASTPOINT 
000633S33R 
6uU06  )6b2A 
OuU032bb7E 
*♦1  1 32322*17 
LASxPOlNf 
0007331 6 1 R 
|j001U776iA 
0000*1 1 7H0e 
*1 1 1 32322HT 


EOM  SAMPl 


SEO  Ntl 

idtal  modi 


200 


0 


EOM  SAMRl  idtal  MOIM 


200 


O- 


EOM  SAMPl  IOtAL  M061 


200 


HdmiOHd  UN 


•••second  difference  table  for 


R 1 I 3 01 

range 

A/MTH 
EL  VAL 
TIME 

R 1 I M 02 

range 

AZMTH 
EL  V AL 
T 1 ME 

R3V3  S7 

RANGE 
AZmTH 
ELV  AL 
T 1 ME 

••missing 


I M-6  ) 
0 
0 
0 
0 

( *<-6) 
0 
0 
0 
0 

( M-6  ) 
0 
0 
Q 
0 

frames  = 


3 radars 


I /-V  > 
0 
u 
u 
u 

( 7-V  ) 
0 
u 
0 
0 

( 7-V  ) 

u 

u 

u 

u 

u 


I io-u» 
0 
u 
u 
u 

( 10-12) 
u 
0 
0 
u 

(10-12) 

0 

0 

u 

u 


( 1 3*  ) 

‘o 

0 

0 

0 

( 1 3*  f 

0 

0 

0 

0 

( 1 3^  ) 

0 

0 

0 

0 


LASTPOINT 
0023‘(‘(b3  1 R 
OOU  I ‘(6S63A 
UU01U07 I 2e 
H I 1 aHGG'lHT 
LaSTPOINT 
0007*11  lOSR 
t0007H‘(3bA 
G00037021E 
*1  1 1 3‘166‘(‘l  r 
LaSTPOINT 
00  1 OSbUb'lR 
000l2<(lb7A 
6000S0222E 
*1 1 1 3‘166‘(HT 


EOM  SAMPu  IDTAL  MOi 


0 200  0 
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This  section  presents  aodels  of  the  cUsatologlcal  data  presented  In 


Section  1 of  this  report.  Stratospheric  teaperature,  density,  pressure,  and 
wind  conponents  are  aodeled  fron  25-65  kn  on  a Julian  day  basis.  Following 
the  presentation  of  the  nodel  Is  a detailed  analysis  of  several  spring  and 
autunn  wind  crossover  pattema.  The  aodellng  of  the  stratospheric  paraae- 
ters  has  been  basically  approached  fron  a best  fit  point  of  view. 

The  aodel  for  the  stratospheric  wind  la  divided  Into  two  sections  (North- 
South  conponents  and  East-Vest  conponents) . The  reader  should  note  that  the 
I sign  convention  Is  the  opposite  to  that  utilized  In  Section  I of  this  report, 

1 l.e. , the  nodel  assigns  -f  to  N,E  and  - to  W,S  winds.  A copy  of  the  E-W  aodel 

has  been  Included  showing  nicely  the  spring  and  autunn  crossovers  (Tabid  13). 

t 

f 

I The  essential  equations  and  routines  used  for  the  E-W  circulation  aodel 

[ are  presented  briefly  below.  Essentl£d.ly  they  consist  of  a best  fit  trlgo- 

[ noaetrlc  function. 

[ 0110  PRINT  "INPUT  JULIAN  DAY" 

i 0130  INPUT  X 

0132  PRINT 

0170  PRINT  "INPUT  Z IN  KM" 

0190  INPirr  Z 

0191  PRINT 
0230  LET  B-45 
0250  LET  i^B-X 

1 0270  IF  X<45  THEN  LET  A-0 

0290  IF  X>315  THEN  LET  h^llO 

0310  LET  HI— (2/3)*Z+148.33 

0330  LET  H2— (2/3)*Z+298.33 

0350  IF  X<165  THEN  LET  IK- (70/45)  *Z+361.  Ill 

0370  IF  X->165  THEN  LET  D— Z+350 

0390  IF  X>165  THEN  IF  X<195  THEN  LET  A1*(270/360)*180 
0410  LET  J-1. 71428*2-41.4284 
0430  IF  Z<30  THEN  LET  J-5 
0450  LET  Y— J*00S((A*360)/(D*57.295)) 
j 0470  LET  Y-INT(Y) 


The  E-H  profiles  fall  into  generally  three  aajor  categories  based 
on  the  slope  of  the  curves.  Type  1 - for  strong  well  established  easterly 
or  westerly  flow,  the  curves  are  nearly  linear  (Figure  14).  Type  2 - for 
flow  that  still  is  predowlnately  strong  easterly  or  westerly,  but  is  beginning 
to  suggest  a slowdown  above  SO  kn.  The  profile  suggests  a hook  configuration 
(Figure  16).  Type  3 - this  profile  Is  strongly  parabolic  and  occurs  during 
the  actual  spring  and  fall  turnovers  (Figure  17). 

The  approach  for  the  N-S  circulation  wodel  was  a best  fit  cubic  poly- 
nowlal  with  an  additional  logarlthaic  term  with  the  following  sign  convention: 

N/S  S- 
IH- 

at  Z « 2Skn  T - 1 nps  where  T is  H/S  cowponent  in  nps 
at  Z > 65)01 

Y,  (D)  - -63.597516,-  6.136  * D 
” -.0057  * + 34.3045  * ln(D) 

-I-.000004275  * d3 
-l-l.  231017  * D * ln(D) 

D Julian  Day 

Y (D1  - 2 - 25  (Tg5(I»  -1)  + 40 

2 40 

fdiere:  Z is  altitude  in  las 

Y (D)  • N/S  wind  In  q>s  at  Z kw  at  Day  "D" 

Yg^(D)  Is  N/S  wind  In  nps  at  Day  "D"  at  65kB 

The  approach  Is  to  best  fit  the  wind  In  altitude  then  llnearally 
Interploate  for  tlwe. 

Both  density  and  pressure  being  wore  conservative  were  best  fit 
exponentially  In  height  and  then  llnearally  Interploated  In  tine.  The 
equations  are  as  follows. 


44 


DENSITY  MODEL 

Exponential  spatial  fit  linearally  Interpolated  tenporal  fit 
P - ^(J  - .143  Z)  ^ j 


Z In  kn 


for  1 ^ Day  ^ 182,  J 
for  82  ^ Day  ^ 365  J 
f > 3. 3 for  Jan,  25ka  only 


181 

CD-182>  (-0.13 
183 


+ ■».17 


+ 7.3 


PEESSORE  MODEL 

Exponential  spatial  best  fit  linearally  Interpolated  te^wrally 
P - ^(J  - .13Z)  ^ ^ 
f ■ I..2  2SiuB  only 


foi;  1 _<  Day  ^ 182 
for  182  ^ Day  £ 365 


181 

fD-182)  f-.05 
183 


+ 6.45 


+ 6.50 


Movlan  modeled  temperature  from  another  best  fit  point  of  view.  Tem- 
perature was  best  fit  to  a cubic  polynomial  in  altitude  with  a term  added 
then  linearally  interpolated  for  time.  Results  are  good  within  2 to  3*C. 
The  equations  are  presented  below: 

TEMPERATURE  MODEL 

T (Jan)  C*  - -2400.59756  - 2593.055  Z 
^ -10.37  Z2  + .0216933  Z^ 

46092.022  ln(Z) 

4665.3986  Z ln(Z) 

T-  (June)  C*  - -3799.172  - 2260.56647  Z 
^ -7.78677  Z^  4-  .0216933 

46111.4755  ln(Z) 

4-560.69812  Z ln(Z) 


for  1 < D < 182 


(T2  - Tj^)  (D-1) 


4 Tj^  - T 


for  182  < D < 365 


where  T is  in  C* 


(Tj^  - T^)  (D-182) 


4-  Tj  - T 
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McCullou^  utilized  a least  squares  approach  of  a liadted  hansoaic 
analysis  Method  to  Model  the  stratospheric  te^>erature.  The  nodel  pro- 


duces accuracies  less  than  1*C;  however,  as  seen  below,  the  model  is 
lengthly  and  requires  linear  interpolation  between  Skin  height  Increnents. 
The  equations  are  as  follows: 


LIST 

0005  LET  X=1 
0010  PRINT 

0018  LET  Y=-51. 913-2. 88*COS(6.28*X/365)-.725*SIN(6.28*X/365) 
0020  LET  Y-Y-.239*COS(4*3.14*X/365)-.323*SIN(4*3.14*X/365) 

0 030  let  A-IHT(Y)  25KM 

0040  LET  Y=43. 525-8. 751*COS(6.28*X/365)+.434*SIN(6.28*X/365) 
0050  LET  Y-Y-.5608*COS(4*3.14*X/365)+.1981*SIN(4'*3.14*X/365) 
0060  LET  Y-Y-  .0992*COS(6*3.14*X/365)+.097*SIN(6*3.14*X/365) 
0070  LET  Y=Y+.263*COS(8*3.14*X/365)-.268*SIN(8*3.14*X/365) 

0 080  LET  B-INT(Y)  30KM 

0090  LET  Y— 32. 517-3. 183*COS(6.28*X/365)+3.014«SIlK6.28*X/365) 
0100  LET  Y-Y-.3416*COS(4*3.14*X/365)+.757*SIN(4*3.14*X/365) 
0110  LET  Y-Y-.3745*COS(6*3.14*X/365)+.526*SIN(6*J.14*X/365) 
0120  LET  Y-Y-.l*COS(8*3.14*X/365)-.4861*SIN(8*3.14*X/365) 

0130  LET  Y-Y-.302*COS(31.4*X/365)-.588*SIN(31.4*X/365) 

0 140  LET  C-INT(Y)  35KM 

0150  LET  Y— 18. 685-2. 476*008(6. 28*X/365)+3.574*SIN(6.28*X/365) 
0160  LET  Y-Y+.674*COS(4*3.14*X/365)+.543*SIN(4*3.14*X/365) 

0170  LET  Y-Y+.456*COS(6*3.14*X/365)+.893*SIN(6*3.14*X/365) 
0180  LET  D-INT(Y)  4010! 

0190  LET  Y— 6 . 035-1.498*008(6. 28*X/365)+2.322*SIN(6.28*X/365) 
0200  LET  Y-Y+1. 42*008(4*3. 14*X/365)-.448*SIN(4*3.14*X/365) 

0210  LET  Y-Y+1. 158*008(6*3. 14*X/365)+1.12*SIN(6*3.14*X/365) 
0220  LET  Y-Y+.499*OOS(8*3.14*X/365)+.262*SIN(8*3.14*X/365) 

0 240  LET  E-INT(Y)  45KM 

0250  LET  Y— 4. 032-1. 766*008(6. 28*X/365)+1.402*SIN(6.28*X/365) 
0260  LET  Y-Y+. 516*008 (4*3. 14*X/365)-1.691*SIN(4*3.14*X/365) 
0270  LET  Y-Y+. 707*008(6*3. 14*X/ 365)+. 214*SIN(6*3.14*X/ 365) 

0280  LET  Y-Y+.317*COS(8*3.14*X/365)-.235*SIN(8*3.14*X/365) 

0 290  LET  F-INT(Y)  50KM 

0300  LET  Y— 9.182-1.738*OOS(6.28*X/365)+1.007*SIN(6.28*X/365) 
0310  LET  Y-Y-1.202*0OS(4*3.14*X/365)-1.488*SIN(4*3.14*X/365) 
0320  LET  Y-Y+. 241*008(6*3. 14*X/365)-.268*SIN(6*3.14*X/365) 

0330  LET  Y-Y+.113*00S(8*3.14*X/365)-.907*SIH(8*3.14*X/365) 

0 340  LET  G-INT(Y)  55KM 


te. 


0350  LET  Y— 16.224+.0917*C0S(6.28*X/365)+.78l*SIN(6.28*X/365) 
0360  LET  Y-Y-1.573*OOS(4*3.14*X/365)-1.376*SIH(4*3.14*X/365) 
0370  LET  Y-Y+.0426*COS(6*3.14*X/365)-.139*SIH(6*3.14*X/365) 
0380  LET  Y-Y-.204*C0S(8*3.14*X/365)-.642*SIH(8*3.14*X/365) 

0390  LET  Y-T-.719*COS(31.4*X/365)+.338*SIH(31.4*X/365) 

0400  LET  H-IIIT(T)  60KM 

0410  LET  Y— 24.206f2.932*C0S(6.28*X/365)-.0541*SIN(6.28*X/365) 
0420  LET  Y-Y-1.185*C0S(4*3.14*X/365)-.5234*SIN(4*3.14*X/365) 
0430  LET  Y-Y-. 7445*008(6*3. 14*X/365)-1.687*SIN(6*3.14*X/365) 
0440  LET  Y-Y+.826*COS(8*3.14*X/365)+.386*SIN(8*3.14*X/365) 

0450  LET  Y-Y-.859*COS(31.4*X/365)-.119*SIH(31.4*X/365) 

0 460  LET  I-Iin;(Y)  65KM 
0465  IF  X>1  THEN  GOTO  0490 

0470  PRINT  " J 25  30  35  40  45  50  55  60  65" 

0490  PRINT  X;A:B:C;D;E;F:G;H;1 

0500  LET  X-X+5 

0505  IF  X>365  THEN  GOTO  0520 

0510  GOTO  0010 

0520  STOP 
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SECTIOH  II  PART  2 
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B-H  WIMP  COMPOBEMT  caAMGEOVEK  AT  MSMK 

Changeover  of  the  E-tf  wind  conponent  at  WSMR  fron  25kn  to  65fca  Is  con- 
sidered for  four  cases  - 1969,  1970,  1972,  and  1974.  These  cases  are  arbi- 
trarily chosen  for  convenience  and  not  because  of  special  features.  The 
next  step  Is  to  establish  changeover  criteria  for  more  objective  tlnlng. 

Since  the  level  fron  25kB  to  30kn  changes  only  slightly,  lOkm  to  bSkn 
will  be  used  for  the  changeover  criteria.  The  following  criteria  presented 
a reasonable  approach  although  sone  subjectiveness  Is  still  present. 

C ^lOi^ps  above  30kn 

R 

I Close  as  possible  to  zero  without  significant  changeover 
T 

E Close  as  possible  to  zero  after  changeover 

R 

I ^lOnps  above  30kn  after  changeover 

A 

The  greatest  change  occurs  In  the  50-65kjB  region  and  decreases  to  25kiB. 

Averages  of  the  four  cases  give  a fal.l  changeover  from  September  10  to  Octo- 
ber 4 with  a 24  day  transition  (Flgiire  26) . The  spring  changeover  average 
Is  April  16  to  May  11  or  25  days  (Figure  27) . 

Our  model  of  the  changeover  (Table  13)  shows  a fall  changeover  from  j 

September  14  to  October  8 or  24  days  and  a spring  changeover  from  April  20  ! 

to  May  5 or  IS  days.  The  shorter  spring  changeover  Is  not  confirmed  by  the 
four  cases.  Because  of  the  many  subjective  factors,  no  conclusion  can  be 
drawn  about  the  relative  length  of  spring  and  winter  changeover  periods. 

NOTE:  The  negative  sign  following  a number  means  west  wind  In  meters 
per  second  and  a positive  nunber  Is  east  wind  (mps)  - this  convention  Is 

opposite  to  the  Section  I data  where  plus  Is  west  and  south  directions.  j 

The  Data  Section  follows  the  convention  of  reference  12.  I 
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WIND  COMPONENT  IN  METERS/SEC. 


ALL  CHANGEOVER  CASES  FIGURE 


ISU  SM3i3UO'IIMI  30niIliU 

-ICU  «II313U0'IIMI  30niU'ltf  „ n a o a o 


COMPONENT  IN  METERS/SEC 


PRING  aL\NGEOVER  CASt^ 


WIND  COMPONENT  IN  METERS /SEC 


The  transition  Is  not  well  behaved.  October  24,  1972,  shows  a reversal 
of  the  changeover  coapleted  October  16,  1972,  In  the  28~37ka  region  (Figure 
28).  Zero  or  west  wind  cowponent  was  observed  during  two  bracketing  rocket- 


( 


sondes  - October  20  and  October  25,  1972. 

SHORT  TERM  REVERSAL  FIGURE  28 


UINO  COMPONCNT 


METERS /SEC. 

A long  term  strong  reversal  occurred  during  December  1974  and  January 
1975  (Figure  29).  This  winter  reversal  lasted  from  December  10,  1974,  to 
January  14,  1975.  Fluctuating  warm  temperature  peaks  near  46km  of  10-15*C 
occurred  (Figure  30) . Reversal  of  west  or  near  .zero  to  east  wind  was 
stronger  near  35km  and  reached  30mps  at  WSMR.  Point  Mugu,  California  is 


presented  for  comparison;  and  the  similarity  suggests  that  the  strongest 
easterly  wind  component  of  55mps  at  Pt.  Mugu,  which  lies  between  WSMR  ob- 


servations, may  be  closer  to  the  WSMR  maximum  as  well, 
reversal  band  shifted  at  Pt.  Miigu  to  47km  on  January  3, 
suggests  a smaller  vertical  shift  between  December  30, 
1975. 
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COMPONENT  HIND  COMPONENT  NINO  COMPQNE 


M 


Higher  standard  deviations  In  the  WSMR  data  for  E-W  wind  components 
during  the  winter  reflect  these  short  and  long  tern  reversals. 


The  complete  spring  changeover  for  1970  with  every  profile  at  WSMR 
Is  shown  for  continuity  (Figure  32) . The  fall  1974  changeover  at  WSMR 
Is  also  shown  in  greater  detail  (Figure  31) . 

MEARLY  COMPLETE  FALL  CHANGEOVER  - WSMR  1974  FIGURE  31 
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